Wine aroma is influenced by a number of volatile compounds. This article describes the validation of the method for 26 volatile compounds found in wine. Volatile compounds were determined with discontinuous liquid-liquid extraction and GC-MS detection. It was determined, that the method is linear with square correlation coefficient ranging from 0.961 to 0.999. Limits of quantitative determination range from 0.52 μg/L to 14.8 μg/L. Recoveries range from 71.1% to 105.7% except for two compounds with lower recoveries. Measurement uncertainty ranges from 5.0% to 28.9%. According to the validation, the method is suitable for the determination of at least 24 volatile compounds common to wine. A practical method application was presented on Zelen wine variety from two different production procedures. Ključne besede: vino, aroma, hlapne spojine, GC-MS Prispevek je del doktorske disertacije z naslovom "Vpliv maceracije na aromatične značilnosti primorskih belih vin", mentorica prof. dr. Tatjana Košmerl
INTRODUCTION
Wine aroma, a very important sensory parameter is produced by a complex balance of several volatiles. More than 800 volatile compounds such as alcohols, esters, phenols, monoterpenes, norisoprenoides, lactones, aldehydes and ketones have been identified in wine (Selli et al., 2004; Tamborra et al., 2004) .
The wine aroma is complex due to a large number of compounds present and their different chemical nature with a wide range of polarity, volatility, solubility and pH values. Therefore the sample preparation and particularly the extraction and concentration of volatile compound are an important factor in their determination (Cabredo Pinillos et al., 2004) .
Appropriate extraction of wine volatile compounds must be performed before their detection. Exceptionally so called major wine volatile compounds present in mg/l, like acetaldehyde, ethyl acetate, methanol and higher alcohols are detected directly without previous extraction where samples are only diluted and deacidificated prior to analysis (Peinado et al., 2004; Lukić et al., 2008) .
Extraction of minor volatile compounds, present in wine in μg/L, is done today mostly in three different ways. The first is discontinuous or continuous liquid-liquid extraction (LLE) of wine with organic solvent. Both discontinuous and continuous liquid-liquid extractions are suitable to measure volatiles, but to perform a second one special apparatus must be provided and main disadvantages, like time consuming process and large volumes of solvents, are not avoided (Cabredo Pinillos et al., 2004) . As solvents mainly dichloromethane (Selli et al., 2003) or mixture of pentane: dichloromethane = 60:40 (Pérez-Coello et al., 2003; Izquierdo et al., 2008) are used. The second approach is solid phase extraction (SPE) using Sep Pack C 18 cartridges (Tamborra et al., 2004) or LiChrolut EN resins (Loscos et al., 2010; Sáenz-Navajas et al., 2010) . The third approach is Solid Phase Micro Extraction (SPME) with different fibers used: carbowaxdivinylbenzene (Lambropoulos and Roussis et al., 2007; Antalick et al., 2010) , polydimethylsiloxane (Nasi et al., 2008; Antalick et al., 2010) , polydimethylsiloxane/ divinylbenzene (Nasi et al., 2008; Antalick et al., 2010) , carboxen/polydimethylsiloxane (Nasi et al., 2008; Antalick et al., 2010) or divinylbenzene/carboxen/ polydimethylsiloxane (Nasi et al., 2008; Antalick et al., 2010) .
Detection of volatile compounds is performed by gas chromatograph (GC) coupled with Flame Ionisation Detector (FID) (Pérez-Coello et al., 2003; Selli et al., 2003; Selli et al., 2004; Tamborra et al., 2004; Selli et al., 2006; Loscos et al., 2010) or mass spectrometer (MS) (Pérez-Coello et al., 2003; Selli et al., 2003; Selli et al., 2004; Tamborra et al., 2004; Selli et al., 2006; Lambropoulos and Roussis et al., 2007; Izquierdo Cañas et al., 2008; Nasi et al., 2008; RodriguezBencomo et al., 2008; Loscos et al., 2010; Antalick et al., 2010; Sáenz-Navajas et al., 2010) . Quantification can be done with both detectors, while unequivocal identification only by MS.
On Agricultural institute of Slovenia we decided to introduce discontinuous liquid-liquid extraction method with dichloromethane, chosen as the most effective organic solvent for this type of extraction (Cabredo Pinillos et al., 2004) . The extraction was performed with intention to determine 26 minor volatile compounds with possible sensorial effect in wines (Schneider et al., 1998; Selli et al., 2003; Selli et al., 2006; Lukić et al., 2008) . Liquid-liquid extraction is actually the oldest but still the reference technique for the extraction of volatile compounds in wine (Ortega et al., 2002) . 3-octanol and 4-nonanol were used as internal standards because of their high recovery (Cabredo Pinillos et al., 2004; Selli et al., 2006) . By this procedure we achieved concentration factor 100. To enable qualitative and quantitative evaluation at the same time, MS was used for detection. After introduction, method was validated. Method was finally applied to real wine samples (variety Zelen) deriving from an experiment, where two different winemaking procedures were confronted.
MATERIALS AND METHODS

Materials
Chemicals:
Dichloromethane (Sigma-Aldrich) and ethanol absolute (Merck) with HPLC grade were used like solvents in our experiment, together with ultrapure water from the Milli-Q system. Similarly only the volatile compounds (Merck, SigmaAldrich, Fluka, SAFC) with the highest available purity on market (minimum of 95 %) were used with the exception of 4-vinylphenol (SAFC) only sold like 10 % solution.
Preparation of solutions:
Stock solutions in pure dichloromethane of individual volatiles were prepared in 50 ml volumetric flasks with concentrations ranging from 1.8 -2.5 g/L. From 26 stock solutions one mix solution of all 26 volatiles was prepared in 200 mL volumetric flask. All other solutions used to determine linearity, limits of detection and limits of quantification were prepared from this mix solution with proper dilutions.
Internal standards 3-octanol and 4-nonanol for those dichloromethane solutions were prepared in 100 mL volumetric flask with dissolving them in quantity of 1.1 -1.2 g/L in dichloromethane. They were added using 0.05 mL Hamilton syringe to 10 mL of dichloromethane solutions and mixed before determination.
Preparation of model wine solution:
First a mix stock solution of all volatiles in 100 % pure ethanol was prepared, with individual volatiles concentrations in range of 0.8 -1.2 g/L. Stock solution was adequately diluted to model solution (mix) using 12 %vol ethanol in water to concentrations similar to ones determined in wines in average, to 0.04 -0.07 mg/L, in 3000 ml volumetric flask. The pH was then adjusted to pH 3.2 with tartaric acid addition. Model wine solution was finally dispensed in twenty 125 mL flasks and they were stored in dark at 7 ºC before extraction.
Internal standards 3-octanol and 4-nonanol used in our model wine solution were prepared in 100 mL volumetric flask with dissolving them in quantity of 0.04 -0.06 g in ethanol absolute. They were added using 0.05 mL Hamilton syringe to model wine solution only during extraction process as described below.
Procedure
Liquid-liquid extraction of volatile compounds: 100 mL of model wine solution was transferred into 250 ml Erlenmeyer flask and cooled to 0 ºC in an ice bath under nitrogen. 29 μg of 3-octanol and 23 μg of 4-nonanol were added as internal standards using 0.05 mL Hamilton syringe from corresponding ethanol solutions. Dichloromethane (40 mL) was added and the mixture was stirred at 350 min -1 for 20 minutes (Moio et al., 1995) . Then the mixture was centrifuged at 5°C (RFC = 8500, 10 minutes) and organic phase was recovered. The aqueous phase was re-extracted twice in the same way described above. Finally organic phases were combined and dried over sodium sulphate. They were concentrated to a final volume of 1 mL with Vigreaux distillation column and nitrogen gas flow prior to GC-MS analysis (Schneider et al., 1998) .
The same procedure was used for the extraction of wine samples (Moio et al., 1995; Schneider et al., 1998; Selli et al., 2006) . Lallemand) and fermented at 17ºC. After alcoholic fermentations (residual sugars <2.5 g/L) and when most of the lees had settled, the wines were racked, 50 mg/L of sulphur dioxide was added and the wines were stored at 10ºC. The second half of grapes (Zp = freezing of the pomace) was destemmed and crushed. The pomace was equally divided in three plastic vessels, frozen overnight at -20ºC, defrozen at 20ºC and pressed up to 150 kPa. The juice from the individual plastic vessels was sulphited with 30 mg/L of sulphur dioxide, left to settle at 6ºC for 12 hours, racked and poured in 3 glass laboratory fermentor vessels with 1.6 L juice each. The remaining procedure to obtain wines was the same as described previously. In this way, two different types of Zelen wines (Zc, Zp) in three repetitions were obtained.
Determination
RESULTS AND DISCUSSION
Linearity, limits of detection, limits of quantification
Linearity was verified by using the solutions of volatile compounds in dichloromethane (five repetitions for one concentration level, three to eight concentration levels for the calibration curve). Linearity and range were determined by linear regression, using the F test. Linear model is fit and remains linear over the range presented in Table 1 . Limits of detection (LD) and limits of quantification (LOQ) were calculated from the calibration curve and are presented in Table 1 .
Linearity was verified for wider range also and is presented in Table 2 .
Concentration factor for wine samples was due to extraction 100, so realistic linearity range, LDs and LOQs are 100-times lower. 
Trueness
Trueness was verified by checking the recoveries. Two parallel extracts of model wine solution were prepared each day for ten days and injected once respectively. The average of recoveries was calculated. The results are given in Table 3 .
Precision
For the determination of precision (ISO 5725), i.e. repeatability and reproducibility, extracts of model wine solution was analysed (the same as for recovery evaluation). Within the period of 10 days two parallel extracts were prepared each day. Each was injected once. Then standard deviation of repeatability of the level and standard deviation of reproducibility of the level were both calculated. The results are given in Table 4 . 
Uncertainty of repeatability and uncertainty of reproducibility
Uncertainty of repeatability and uncertainty of reproducibility were calculated by multiplying standard deviation of repeatability and standard deviation of reproducibility by Student's t factor for 9 degrees of freedom and 95% confidence level (t 95;9 = 2.262). U r = t 95; 9 x s r ; U R = t 95; 9 x s R The results are presented in Table 5 . 
Aromatic compounds determination in wines from two winemaking procedures
To determine volatile compound in real wine samples, the method proposed in this article was applied and results are presented in Table 6 . Results are in correlation with previously observed aromatics content in wines and differences due to two winemaking procedures are comparable to other skin contact procedures (Moio et al., 1995; Ortega et al., 2002; Selli et al., 2003; Selli et al., 2006; Rodriguez-Bencomo et al., 2008) .
